Recently, the rapid development of mobile multimedia intelligent voice systems has affected the rapid changes in user interaction. Meanwhile, the continuous optimization of recommended algorithms makes the change of interaction mode from the original user's active search to the machine actively recommending continuously. It is an inevitable trend that multimedia intelligent voice dialogue system brings more efficient content services to users through active recommendation. However, the existing multimedia intelligent voice dialogue systems are mainly based on the user's expression content to analyze the user's subject willingness and then provide the reply contents to user. This kind of interaction only drives the topic through the user, which will cause some problems like single chat topic and missing points of interest. In order to address these problems, this paper proposes an interactive topic guiding model. This model uses the surrounding similar users and user context information to guide users' topics, and taking into account the harmony of human-computer interaction, the game method is adopted to select the optimal content response strategy by considering the user's and robot's emotional friendliness and content friendliness. The experiments show that the model proposed in this paper can effectively guide topics. Moreover, it has significant improvement in content richness compared with other models in human-machine natural interaction, which can provide some research ideas for guiding the topic in the mobile multimedia intelligent voice system.
I. INTRODUCTION
With the development of artificial intelligence, mobile multimedia intelligent voice systems have also developed rapidly, such as private mobile phone assistant Siri, voice assistant Google Now and Cortana, Microsoft Asia Research Institute launched smart chat robot Xiao Bing and Baidu company launched smart chat robot Xiao Du, etc., [1] . Researchers want to create a mobile computing smart tool that can interact with humans in multiple rounds. These mobile computing smart tool can not only help users with their daily affairs, but also communicate with users like friends [2] - [4] . Meanwhile, with the development of communication technologies such as 5G [5] - [7] , these mobile computing smart tools will be applied in more scenarios.
The associate editor coordinating the review of this manuscript and approving it for publication was Qing Yang . In order to make the mobile multimedia intelligent voice system more anthropomorphic, researchers began to change from dialogue management research to human-machine natural interaction. For example, cognitive affective computing is to give computers the ability to observe, understand, and generate various emotional states similar to humans, ultimately enabling computers to interact naturally, intimately, and vividly like a human [8] , [9] . Meanwhile, To help users with uncertain needs find content that they are probably interested in, researchers are trying to rely on the powerful data resources and computing resources of the robot to recommend topics users interested [10] . However, it is worth studying how to actively guide the user's content to the user without destroying the harmony of human-computer interaction, thereby making the mobile multimedia intelligent voice system more personified.
In fact, communication among people in the real world is composed of a series of topics with conversational coherence [11] . People usually have topics that they plan to talk about, and they advance conversation according to topics. The participants in the conversation are both spokespersons and listeners, who talk to each other by changing these two roles. If a user has always been a speaker, no new topic is introduced when the user loses interest, and it is easy to cause the conversation to end. Therefore, the identity of the speaker and listener during the conversation between the user and the mobile multimedia intelligent voice system should also be a dynamic switching process. On the other hand, with the development of social networks [12] - [14] , and the popularity of social media, massive data have accumulated. In some areas, mobile smart device owners have more complete information content than users [15] , [16] . For example, in a tourist scene, mobile smart devices have a more comprehensive introduction to attractions, such as information on human history and surrounding specialty food. The IoT smart device can quickly and securely aware user's location, time, weather, user context [17] , [18] , and other information and the mobile multimedia intelligent voice system can bring more efficient content services to users through personalized recommendations. Therefore, the main purpose of this paper is to establish a mobile multimedia intelligent voice system that can actively recommend topics to users during the travel process.
The main contributions of this paper are as follows:
• In order to make the topic of the dialogue between the mobile multimedia intelligent voice system and the user more coherent. This paper uses the user historical behavior information and human-computer interaction context information to update the topic content candidate ranking in real time during the interaction process. At the same time, in order to ensure the continuity of the topic in the human-machine dialogue process, contentfriendliness is used as a constraint.
• This paper proposes a game-based human-computer interaction theory. This theory simulates the process of continuous change of participants and robots from speaker to listener in the process of human-computer interaction, so that the robot can have the same dialogue and guidance role as people in the dialogue process.
The organization of this paper is as follows: The second part is a summary of related work. The third part builds the system model and problem description. The fourth section proposes the analysis of human-computer interaction. The fifth section proposes a human-computer interaction game model. The sixth part is the experimental simulation analysis. The seventh part is the summary of this article.
II. RELATED WORK
Mobile multimedia intelligent voice system has always been an important topic in the field of artificial intelligence. In recent years, academics and industry have been involved in it. At the same time, related products are also emerging, such as private mobile phone assistant Siri, voice assistant Google Now and Cortana, etc. These mobile multimedia intelligent voice systems enable users to express their ideas directly in natural language, which greatly improves the efficiency of their work. According to different functions, these intelligent voice systems can be divided into task-oriented chat robots and open domain chat robots. The open domain chat bot, according to the different ways of generating the dialogue, it can be divided into an end-to-end generated conversation model [19] using cyclic neural network training and a retrieval model that extract related statements from a preset database by an information matching algorithm [20] . Compared with the generated conversation model, the retrieval model answers more smoothly, because it selects statements according to matching specifications from the corpus. So, this paper realizes the human-computer interaction topic guidance mainly based on the retrieval model.
In addition, to make human-computer interaction more natural and chat robots talk more like humans, researchers use cognitive emotion calculations to give robot emotions. In [21] , by analyzing the influences of personality characteristics on the probability of emotional state transition, a cognitive interaction model based on Gross cognition reevaluation is established, which makes the human-computer interaction process more natural and harmonious. This model only considers the influence of personality characteristics on the emotional state, and cannot completely simulate the emotional interaction process in interpersonal communication. Therefore, the emotional generation process of participants and robots was modeled according to the psychological game process of interpersonal communication in [22] , which effectively reduced the robot's dependence on external emotions. To increase the enjoyment of human-computer interaction, literature [23] proposes a task-driven emotional interaction model. According to the emotional stimulation of the participants, the robot in this model generates interactive emotions based on three factors: historical emotions, participants' emotions and tasks. It enables the robot to generate appropriate emotions in different interaction scenarios and to persuade the participants to complete the task of watching movies, exercising, etc. In order to make the dialogue of the robot more in line with the individual needs, and improve the satisfaction of human-machine dialogue, authors in [24] constructed its response by considering the entity spoken by users and the topic that the user is interested in. However, they did not consider that the interaction between man and machine is a continuous process, and users and robots both can be the guider of the topics. When a topic is about to end, the robot can open a new topic ensuring the continuity of the human-machine dialogue. Aim at the above questions, this paper establishes a human-computer interaction game model by considering anthropomorphic factors, such as personality characteristics and common sense. It guides users based on user behavior history and contextual content.
III. SYSTEM MODEL AND PROBLEM DESCRIPTION A. SYSTEM MODEL
When people communicate with each other, the identity between the topic initiator and responder is always changing. The topic responder also tries to guide the conversation by predicting the topic, and brings more interesting content to the topic initiator. Thus, the identity of the topic initiator and the topic responder change. The topic responder is guessing what the user is more interested in based on the content proposed by the user and the user's historic behavior. The topic in the current man-machine dialogue is basically initiated by the user. When the user has a low interest point of the topic, if no new topic is introduced, the topic would not continue, and the conversation would end. The purpose of this article is to enable robots as a topic initiator to bring users more interesting content in the interaction process to by simulating the identity of the topic initiator and responder in human-tohuman communication. Figure 1 shows the topic change of a conversation between user and robot.
This paper mainly implements human-computer interaction topic guidance based on retrieval model in the open domain. First, the emotional value and recommended topic of users are obtained by performing emotional calculation and topic extraction on the input contents. Then, the topic candidate ranking is updated for users based on the user's context information and the interests of similar users. Finally, using the game model to choose whether to guide the topic. At the same time, this article also constructed a dual database, one of which is the basic question and answer database, and the other is the topic boot database. Select the appropriate reply sentence for the user through sentence matching. The system model is shown in Figure 2 .
B. PROBLEM DESCRIPTION
• What kind of topic contents does the robot recommend to the user during the human-machine dialogue process? Depending on the user's interests and their communication contents, the model proposed in this article can provide users with appropriate contents to guide. Meanwhile, it ensures the user's favorite and the relevance between topics.
• The interaction-friendliness relationship between users and robots should be considered to determine the appropriate interactive game model. Participants and robots start from subjective satisfaction, and play games based on human-computer interaction friendliness.
IV. HUMAN-COMPUTER INTERACTION FRIENDLY RELATIONSHIP ANALYSIS
The human-computer interaction friendliness mainly reflects the attitudes of people and robots in dealing with each other in contents and emotions during the dialogue process. The higher the human-computer interaction friendliness, the more harmonious the human-computer interaction is. On the contrary, the lower the friendliness of humancomputer interaction, the more unharmonious the interaction. The human-computer interaction friendliness consists of content interaction friendliness F(k) and emotional interaction friendliness R(k). Content interaction friendliness refers to the degree of theme connection between the robot and the participants in communication processing. When content interaction friendliness is larger, it means that the topic connection is more relevant. Conversely, the less content interaction friendliness, the greater the difference in topic, and the worse the human-computer interaction. Emotional interaction friendliness indicates the user's emotional change during the interaction process. When the emotional friendliness is higher, it indicates that the user is emotionally more acceptable. Conversely, the user is less emotionally acceptable.
A. EMOTIONAL INTERACTION FRIENDLINESS
Emotional description can be divided into discrete and dimensional ways. The dimension-based sentiment description model describes the emotional state as a point in a multidimensional space, and each dimension in the space corresponds to a psychological attribute of the emotion. The emotional states existing in reality can find corresponding mapping points in the emotional space, and the numerical magnitude of each dimensional coordinate values reflects the intensity of the emotional states in the corresponding dimension [25] . The sentiment values used in this paper are all 3-dimensional coordinate values in the PAD space. According to the data and methods provided in [26] , the participant's interactive input sentiment assessment is transformed into a vector of intensity values under the influence of six basic emotional states (happy, surprised, disgusted, angry, fearful, sad). The distance h l between the interactive input emotions and the basic emotions E l is expressed as:
In the formula (1), E p = {p p , a p , d p } indicates interactive input emotions. E l , C l represent the PAD space coordinate sets and the covariance matrix set of the six basic emotional states, respectively. l = 1, 2, 3, 4, 5, 6 expresses six emotions: happiness, surprise, disgust, anger, fear, and sad.
Since the distance h l of the interactive input emotions to the basic emotional states is inversely proportional to the intensity value of the basic emotional state, the normalize 1/h l to get the basic emotional state E l and the intensity value of the interactive input emotion p l . So the interactive input sentiment evaluation function P(E P ) is defined as:
Psychology believed that, in the process of communication, a dialogue that enhances the user's mood can make the users feel better. Therefore, the emotional friendliness of human-computer interaction can be expressed as user's emotional promotion value from the kth conversation to the k + 1th conversation. So human-computer interaction emotional friendliness can be expressed as:
In formula (4), R(k, k +1) represents interaction emotional friendliness between participants and robots, and the range is [0,1]. The lower the value of emotional interaction friendliness, the lower the sensitivity of human-computer interaction. On the contrary, the greater the value of emotional interaction, the higher the emotional interaction. Where r(k +1) is the user sentiment prediction value of the k + 1th conversation, r(k) the emotional value of this conversation.
In order to facilitate theoretical analysis and experimental verification, the emotional value quantification of the six basic emotions is first carried out. When the emotion is positive, the user's emotional value is higher. When the emotional emotion is negative, the emotional value is lower. To ensure that the value range is [0,1], the six basic emotions are evenly valued in this interval: r{sad, fear, anger, disgust, surprise, happiness} = {0, 0.2, 0.4, 0.6, 0.8, 1} (5) In order to calculate the evaluation of the current interactive input emotions, combining the formula (3) and the basic emotional friendly quantification formula (5) , the evaluation function of the interactive input emotions is defined as:
The emotions of this conversation are not only affected by current expression, but also by the emotional state of the last conversation. Therefore, the defined k-th dialogue emotional function is:
A(k) indicates the degree of confidence in humancomputer interaction and its initial value is 0. A(k) is constantly adjusted the difference between the evaluation of the currently interactive input emotion value and the previous session emotion value during the interaction. When the positive and negative emotional tendencies of the two sentiment assessment values are consistent, the confidence value increases. When the sentimental tendencies are inconsistent, the value is reduced. So, the dynamic change process of parameter A(k) is defined as:
A(k) indicates current confidence. The symbol of W(K)W(K − 1) is judged to evaluate whether the sentiment tendencies of the two conversations are consistent.
Similar users generally have the same hobbies, similarly, the similar users also produce similar emotional values for the same topics. Therefore, the emotional value of the user in the k + 1th conversation can be expressed by the similar user's emotional value of the predicted topic.
The top n users with high similarity to the user are selected as the user's neighboring users set N u . According to the usertopic 2-dimensional sentiment score matrix and the similarity calculation method, the similarity between users is obtained as S u,v . Then, according to the user's sentiment value in the data set N u , the user's subject sentiment value in the k + 1-th conversations can be predicted. At this time, the emotion function is expressed as:
where r(k + 1) represents the user's emotional value at the k + 1th conversation,r is the average emotional value of the user, r v,t is the emotional value generated by the user v against the recommended topic t.r v represents the average sentiment value generated by user v. VOLUME 7, 2019
B. CONTENT INTERACTION FRIENDLINESS
Psychological definition of interpersonal attraction has three main factors: proximity and similarity, similarity or complementarity, and personal charm. The similarities between the close and then accommodate and similar or complementary are mainly the same or similar attitudes to certain things or events, and the emotions are easy to resonate and form close interpersonal relationships. Similarly, the same or similar topics in the human-computer interaction process are easier for users to accept. In summary, the definition of humancomputer interaction content-friendliness function:
In formula (10), F(k) indicates the content interaction friendliness degree of the participants and the robot, and the value range is [0, 1]. The value is closer to 0, the user interaction content is less friendly. In construct, the closer the value is to 1, the higher the user-friendliness content is, and the higher of Human-computer interaction content friendliness. D(t 1 , t 2 ) indicates the relevance of the current topic t 1 and the next topic t 2 , and the value range is [0, 1]. When D(t 1 , t 2 ) is larger, the greater the degree of association between participants and robot topics, the higher the content friendliness value. Conversely, the smaller the relevance of the current conversation and the next conversation, the lower the human-computer interaction friendliness.
The coherence of a topic can be represented by the similarity of topics. Because similar topics are more easily accepted during the conversation, for example, when referring to ''Indian cuisine'', users will more easily accept ''Chinese cuisine'' instead of ''Brazilian football'' in the next conversation. This paper uses cosine similarity to calculate the topic similarity of dialogue content. Topic relevance function.
where D(t 1 , t 2 ) represents the topic similarity. t 1 is the user's current conversation topic, t 2 is the topic of the last time conversation. V t 1 , V t 2 denotes the semantic description vector of the subject. Obviously D(v t 1 , v t 2 ) is a real number between 0 and 1. When the user's current conversation topic and the robot reply to the topic are more similar, the higher the relevance of the topic is.
C. OPTIMAL TOPIC SELECTION
This paper mainly considered the user's historical behavior preference and context information to select the best topic contents. The same user may have the same hobby. Therefore, according to the user-item 2-dimensional scoring matrix and the similarity calculation method, the similarity between users is obtained as S u,v . The top n users with the highest similarity are selected as the nearest user set N u of user u. This article predicted a user's rating of a topic based on the historical visits of nearby users, and its expression is:
where Score(t) represents the score of the candidate topics, score u is the average rating of the user u for the graded item, score v is the average rating of the user v for the graded item. score v,t is a neighbor user v rating of the topic t. After that, this article predicts the user's interest in the characteristic environment by solving the probability of the appearance of topic information and context information. The formula is as follows:
where p(t/C) represents the probability of a topic t occurring under certain circumstances. Where C = {C 1 , C 2 , C 3 , · · · , C n } is represented as n context vectors. For example, time, weather, etc. c K indicates the context specific content of a record, such as sunny weather, rainy days, etc.
The ranking order of the topics obtained based on similar users and context information is specifically:
This article performs real-time ranking update for userrecommended topics based on candidate topic rankings.
V. HUMAN-COMPUTER INTERACTION MODEL BASED ON GAME A. GAME MODEL
The game process of participants and robot topics in humancomputer interaction is modeled, and the two sides of the interaction play games based on the emotional interaction friendliness and content interaction friendliness. Making human-computer interaction is more than just the user as the guide of the topic, the robot can also be the guide of the topic, making human-computer interaction more natural. In other word, when the content interaction friendliness F(k) and the human-computer interaction sentiment friendliness R(k) are known, the robot selects whether to guide the topic. That is, given the c l HR (1 ≤ l ≤ k) , we choose the best content c k+1 HR to reply. The interaction process between human and robot is shown in Figure 3 (R represents a robot that has an interactive function and H stands for a participant). From the judgment criteria of the game model, it should have the following three elements: participants, strategy combinations, and game income. The transformation process of human-computer interaction topic in Figure 3 clearly meets these three criteria: Humans and robots constitute two participants in the game model, the two sides of the interaction make different strategic choices around subjective satisfaction, and different combinations of these strategies will produce different game incomes. Considering the process of humancomputer interaction, both participants and robots start from self-subjective satisfaction, and the content is two-way, that is, the subjective satisfaction of the participants is affected by contents of the robot reply, and the subjective satisfaction of the robot is also affected by contents of the respondent's reply. This is a non-cooperative dynamic game process. Therefore, this paper uses the game model to study humancomputer interaction. The detailed process is shown in Figure 4 .
In the process of human-computer interaction, when participants send content, they hope that the robot can bring a new experience in emotion and content, so the most reasonable reply that the robot thinks is to improve the content interaction friendliness and emotional interaction friendliness. The user inputs the k-th content C k HR , and the robot replies to the k + 1th content C k+1 RH according to the human-computer interaction friendliness. At the same time, the friendliness of human-computer interaction is not only related to the reply contents of this conversation robot, but also depends on the contents reply of the next session participant. Therefore, the robot needs to consider the user's k + 2th contents reply and the robot k + 3th contents reply. Participants and robots predict the next conversation trend from self-subjective satisfaction, and use the forward induction method to solve the perfect Nash equilibrium of the game, thereby getting k + 1th replies.
B. UTILITY FUNCTION
The utility function refers to the subjective satisfaction obtained by both parties in the process of human-computer interaction, which is a function of mutual understanding of the interaction relationship between the two parties. We first consider the definition of participant's utility function: the UH(C k HR , C k+1 RH , C k+2 HR , C k+3 RH ) indicates the participant's input is C k HR to the robot in the kth session. By assuming that the content of the robot's k + 1 reply is C k+1 RH , it is can be predicted subjective satisfaction obtained by participants, when the k + 2 session participants replying to the content is C k+2 HR , and k + 3 sessions robot replying to content is C k+3 RH . Interaction objects should identify with each other and cooperate for a long time, so this article defines the utility function definition with reference to the friendliness. The user's utility function is
Similarly, the utility function of the robot is
Based on the utility function definition, we can use the game model to obtain the robot's responses to the participant's optimal content strategy. The optimal strategy selection process is as follows • Participants and robots choose different strategies for different topics, and form a n-game matrix based on utility functions.
• Supposing the robot's k + 1 session selection strategy is s, we solve pure strategy Nash equilibrium for the game matrix formed by k + 2, k + 3 sessions and can get:
• The game largest income from the recommended topic and the original topic is selected as response content. The specific algorithm steps are shown in table 1.
VI. SIMULATION RESULTS AND ANALYSIS A. INTRODUCTION OF EXPERIMENTAL FRAMEWORK
In the application of realistic human-computer interaction, a robot who can all-round perception of a user, including the user's language, voice, facial expressions, and user's body language, etc., can more accurately perceive the user's interests, thereby achieving better results for the user recommendation and guidance. However, in order to effectively compare the model proposed in this paper and analyze the validity of the model, this article will use the form of text chat to simulate. In this paper, ChatterBot Library in Python is used to build a game-based text chat robot, and its flow framework is shown in Figure 5 . The solid line in the figure is the original frame of ChatterBot and the dotted lines are added modules and processes to achieve the human-computer interaction model mentioned in this article.
B. INTRODUCTION OF EXPERIMENTAL DATA
This article recorded the dialogue between 2 tour guide volunteers and 30 visitor volunteers and used crawler technology to crawl travel conversation related data on Twitter. Then, a total of 57,750 valid conversation pairs were generated, after we manually selected the dialogue data, and 246 themes were artificially constructed, including (Chinese cuisine, Indian cuisine), location (golf course, Chinese temple), etc. Finally, the user and topic rating tables were obtained by user tagging.
C. ANALYSIS AND EVALUATION OF EXPERIMENTAL RESULTS
This experiment demonstrated the system through two methods: Indicator evaluation and manual evaluation. Specifically, we verified the precision and recall of the proposed method of this system and manually evaluated the fluency and emotion of the dialogue system. The experimental steps are as follows: This article manually labels the topics of interest to ten volunteers, and then conducts multiple rounds of dialogue. Finally, the dialog data generated by the user is analyzed, where the leading topics can be marked as positive samples, and the wrong leading topics can be marked as negative prediction samples. As shown in table 2, TP is the number of correct topics, FP is the number of topics with boot errors, FN is the number of correct topics without boot, and TN is the number of incorrect topics without boot.
The accuracy rate and the recall rate in the traditional recommendation algorithm are used as evaluation indicators, which are specifically defined as.
It can be seen from Table 3 that this model is significantly better than the recall rate in terms of accuracy. The reason is that the number of conversation databases is limited and long conversations are not possible.
In order to verify the performance of this model in the dialogue system, this paper compares the proposed model with the three models in terms of the total number of topics, t the number of robot-guided conversations and the number of user-guided dialogues. Among them, these three comparison models are a Robotic Emotional Interaction Models (GCRs) based on Guided Cognitive Reevaluation Strategies, a robotic cognitive model in ChatterBot under outputs answers based on the default confidence level [27] , and a Seq2Seq chat Robot model based on LSTM [28] . The statistical results are shown in Table 4 .
It can be seen from Table 4 that this paper is significantly higher than other models in the number of robot guidance. This is because the text plays a game based on the emotional friendliness and content friendliness in the process of humancomputer interaction, and actively guides the content for the user. Therefore, this article has significantly improved the robot guiding topic and improved the richness of the content.
In order to more fully demonstrate the advantages of this model in the dialogue system, ten volunteers were analyzed based on their scores of Fluency and Sentiment. The specific evaluation criteria of Fluency and Sentiment and Ten volunteers scores are shown in Table 5 and Table 6 , respectively.
It can be seen from Table 6 that the model is significantly higher than other models in terms of content richness and coherence. In terms of emotion, it is lower than the MECs model. This is because MECs model considers the interaction between robots and people in the emotional aspect.
Therefore, it will make the best emotional response in each communication. However, the research content of this paper can be adjusted and integrated into GCRs to achieve the best response to content and emotion.
VII. SUMMARY
Mobile multimedia intelligent voice dialogue system has been widely concerned by researchers, especially in cognitive emotional computing, human-computer interaction and so on. However, with the rapid development of recommended technologies and natural language processing technologies, how to introduce some more favorite contents to users when the robot talks with users is a question worth considering. when the robot guides the user to the topic, it not only needs to predict the user's interests, but also can not destroy the harmony of human-computer interaction. Therefore, this paper proposed a human-computer interaction model based on the game theory. First, we select topics of interest to users through historical behavioral preferences and contextual content analysis. Then, whether to conduct topic guidance is determined by calculating the game income of different topics based on the utility function. Finally, the topic with the highest game income is chosen as the guide topic. Simulation results show that this model can effectively guide users to the topic without destroying the harmony of human and machine. 
